apanese Patent Laid-open Publication No. 2001-1 10175 
[TITLE OF THE INVENTION] OPTICAL DISC DRIVE 

[SCOPE OF CLAIM FOR A PATENT] 

[Claim 1] An optical disc drive having a housing with a ceiling plate, a disc 
rotation mechanism for rotatively holding a disc in said housing, and a loading 
mechanism for loading the disc in the housing and unloading the disk from the 
housing, characterized in that a concave/convex pattern is formed in an area of an 
inner surface of the ceiling plate facing the loaded disk. 

[Claim 2] An optical disc drive having a housing with a ceiling plate, a disc 
rotation mechanism for rotatively holding a disc in said housing, and a loading 
mechanism for loading the disc in the housing and unloading the disk from the 
housing, characterized in that a concave/convex pattern is formed in an area of an 
inner surface of the ceiling plate facing the loaded disk, and the pattern is constituted 
of a number of protrusion patterns disposed along a rotation direction opposite to a 
direction of an air flow generated on a disc surface. 

[Claim 3] The optical disc drive according to claim 2, wherein said 
concave/convex pattern is formed in a sheet attached to the inner surface of the 
ceiling plate, and the sheet has a sound absorbing effect. 

[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[Industrial Field of Utilization] 

The present invention relates to an optical disc drive, and more particularly to 
the improvement on an optical disc drive to reduce whistling noises to be generated 
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during driving an optical disc. 
[0002] 
[Prior Art] 

A CD-ROM drive among other optical disc drives has been developed as a 
main peripheral apparatus of a personal computer, because an optical disc, i.e., a CD- 
ROM, has a large storage capacity, and its data read speed is rapidly becoming high. 
As a general method of speeding up a data read speed, a method has been adopted 
which increases the number of revolutions of a disc. As a standard rotation speed 
(220 rpm) of an earlier disc drive is set to 1, the present general drive has a tenfold 
speed (2200 rpm) or faster, a drive having a twentyfold speed (4400 rpm) is now sold 
in markets, and a drive having a fortyfold speed (8800 rpm) is now under 
development. 

[0003] 

[Problems that the Invention is to solve] 

As the disk rotation speed increases, whistling sounds generated during disc 
rotation become gradually large and are the main cause of a noise source of a disc 
drive. In a conventional optical disc drive, as a countermeasure for suppressing 
noises, the housing of the disc drive is made highly air tight not to form gaps and to 
enclose the internally generated noises in the housing. 

[0004] 

Although users are not nervous about noises of a disc drive at a singlefold 
speed, i.e., the number of revolutions lower than the tenfold speed (2200 rpm), 
large noises are generated at the number of revolutions equal to or higher than the 
twentyfold speed and it has been desired to reduce such large noises. 

[0005] 
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The present invention has been made in consideration of the above-described 
circumstances, and an object of the present invention is to provide an optical disc 
drive capable of reducing whistling sounds to be generated during disc rotation. 

[0006] 

Another object of the present invention is to provide an optical disc drive 
having the structure that a disc deformation or hovering during disc rotation at high 
speed can be prevented and that whistling sounds to be generated during disc rotation 
can be reduced. 

[0007] 

[Means of Solving the Problems] 

In order to achieve the above-described objects, the present invention 
provides an optical disc drive having a housing with a ceiling plate, a disc rotation 
mechanism for rotatively holding a disc in the housing, and a loading mechanism for 
loading the disc in the housing and unloading the disk from the housing, 
characterized in that a concave/convex pattern is formed in an area of an inner 
surface of the ceiling plate facing the loaded disk. 

[0008] 

The present invention also provides an optical disc drive having a housing 
with a ceiling plate, a disc rotation mechanism for rotatively holding a disc in the 
housing, and a loading mechanism for loading the disc in the housing and unloading 
the disk from the housing, characterized in that a concave/convex pattern is formed 
in an area of an inner surface of the ceiling plate facing the loaded disk, and the 
pattern is constituted of a number of protrusion patterns disposed along a rotation 
direction opposite to a direction of an air flow generated on a disc surface. 

[0009] 
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The present inventor has paid attention to that whistling sounds generated 
during disc rotation are noises generated when an air layer on the surface of a 
rotating disc is peeled off from the surface, and has assumed that the noises can be 
reduced if the peel-off is made to occur smoothly. In order to make the peel-off 
occur smoothly, a concave/convex pattern is formed on an inner surface of a ceiling 
plate of a disc drive. Specifically, if the concave/convex pattern is formed in a 
sheet having a sound absorbing effect and this sheet is attached to the inner surface 
of the ceiling plate of the disc drive, not only the air layer can be peeled off smoothly, 
but also noises generated by the peel-off can be absorbed in a region near at the 
sound generation source. 

[0010] 

As the disc is rotated at high speed, an air flow is generated between the disc 
and the ceiling plate. When this air flow moves from the disk to the peripheral area 
by a centrifugal force, a negative pressure is formed in the adjacent area of the disc. 
This negative pressure warps or hovers the disk in some cases. However, by 
forming the concave/convex pattern on the inner surface of the ceiling of the disc 
drive, the pressure distribution above the disk generated by the air flow can be made •; 
relatively uniform so that the disk is prevented from being hovered or warped. 

[0011] 

[Embodiments] 

An embodiment of an optical disc drive of the present invention will be 
described with reference to the accompanying drawings. 
[0012] 

Fig. 1 is a perspective view of an optical disc apparatus or disc drive 
according to an embodiment of the invention, schematically showing the state that a 
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drawer 2 is pulled out of a housing (cabinet) 1 . The housing (cabinet) 1 has a box- 
like shape with an opening in the direction of pulling out the drawer 2, and is 
constituted of a bottom housing (bottom cabinet) 1 A and a ceiling plate (top cabinet) 
IB fixed to and covering the bottom housing 1 A. In the back space of the housing 
1, a PC board for controlling the disc drive, a flexible cable connected to the PC 
board, a solenoid and other mechanical components, respectively not shown, are 
accommodated and held. 
[0013] 

Slide holders are disposed on inner side walls of the bottom housing 1 A and a 
slide 3 is slidably held on the slide holders. ?The slide 3 is also slidably held on slide 
holders 4 disposed on inner side walls of the drawer 2. In the drawer 2, a 
mechanical section 6 is mounted in a drawer frame 5 via a vibration absorbing 
cushion (not shown), the bottom thereof being closed with a drawer cover. A bezel 
plate 7 is mounted on the front side of the drawer frame 5. The mechanical section 
6 has a chassis 10 on which a disc motor unit (not shown) is fixed. On a spindle of 
the disc motor unit, a hub 8 and a turntable 9 are mounted to hold a disc 20 and rotate 
it. A rectangular hole 13 is formed through the chassis 10 in the area where a 
pickup head 12 moves, to thereby expose an objective lens 14 and the like of the 
pickup head 12. The pickup head 12 is mounted on the chassis 10 and slidably held 
by a pickup shaft (not shown). In this chassis 1 0, a feed motor and a gear 
mechanism (both not shown) are mounted to move the pickup head 12. The pickup 
head 12, disc motor unit, feed motor and the like are connected to the flexible cable 
connected to the PC board. 

[0014] 

A circle hole 16 is formed through the ceiling plate 1 B in the area facing the 
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turntable 9, as indicated by a broken line 16 in Fig. 1. A label 17 written with a 
product name or the like is attached to the upper surface of the ceiling plate IB, to 
cover the circular hole 16. 
[0015] 

In order to reduce noises to be generated when an air layer is peeled off from 
the upper surface of the optical disc 20 during the disc rotation, a number of crescent 
recesses 22 are formed in a vortex shape along the radial direction in the inner 
surface layer of the ceiling plate IB. Fig. 2 is a plan view of the lower surface of 
the ceiling plate IB as viewed from the disc 22 side. The optical disc 20 rotates in 
the clockwise direction as indicated by a broken line arrow 24, as viewed from the 
ceiling plate IB side. Generally, as the disc 20 rotates, an air layer on the disc is 
pulled on the disc because of its viscosity, and an air flow is formed relative to the 
ceiling plate IB, as indicated by the arrow 24. In the embodiment shown in Fig. 2, 
a number of crescent recesses 22 are formed in an arc shape along the direction 27 of 
the air flow, preferably along the opposite direction (counterclockwise direction), to 
make the air flow be disturbed and the air layer on the disc 20 be smoothly peeled off. 
Although the air flow can be disturbed even if a number of crescent recesses 22 are ; 
formed along the direction of the air flow, it has been confirmed that the recesses 
formed in an arc shape along the opposite direction (counterclockwise direction) are 
preferable. 

[0016] 

Almost the whole area where a number of crescent recesses 22 is disposed in 
an area 25 facing the disc 20 and indicated by a broken line 25, and a number of 
crescent recesses 22 are disposed in rotation symmetry with the center of the area 25. 
The crescent recess (concave/convex) 22 may be formed directly on the ceiling plate 
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IB, or as shown in Fig. 3, a sound absorbing sheet 26 having recesses 
(concave/convex) 22 may be attached to the bottom surface of the ceiling plate IB. 
Alternatively, crescent holes may be formed through the ceiling plate IB, and the 
label 17 is attached to the upper surface of the ceiling plate IB to cover the crescent 
holes. Not only the recesses (concave/convex) 22 may be formed on the sound 
absorbing sheet 26, but also it is obvious that crescent through holes may be formed 
through the sound absorbing sheet 26 which is attached to the bottom surface of the 
ceiling plate 26 to thereby provide the recesses (concave/convex) on the ceiling plate 
IB. It is preferable that the sound absorbing sheet 26 is made of material suitable 
for effectively and most favorably reducing noises in accordance with the frequency 
of the noises generated on the disc and changing with the revolution number of the 
disc drive. More specifically, the material of the sound absorbing sheet 26 may be 
the material having a smooth surface such as PET, or the material having a rough 
surface such as unwoven cloth. The material may also be felt, rubber, boron, or in 
some cases, metal or resin. 
[0017] 

The crescent recess 22 may be a concave or convex pattern itself, or a 
crescent pattern formed by a number of concave/convex patterns. 
[0018] 

According to the studies by the present inventor, noises can be more 
effectively reduced by forming the recess (concave/convex) patterns 22 in the 
peripheral area of the area 25 facing the disc, than by forming them in the central 
area of the ceiling plate 1 B. The reason for this is that as the disc 20 rotates at some 
revolution number, the rotation speed (linear speed) is faster in the peripheral area 
than in the central area, the flow rate of an air flow on the disc is faster in the 
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peripheral area, and noises generated when the air flow is peeled off from the disc 20 
are larger in the peripheral area. From this reason, noises can reliably be reduced, if 
the recess (concave/convex) patterns 22 are disposed in an area having a radius of 7 
mm or larger from the center point P corresponding to the rotation center of the disc 
20, or more practically, if most of the recess (concave/convex) pattern 22 are 
disposed in an area having a radius of 16 mm or larger or 60 mm or smaller. 
[0019] 

It has been confirmed from experiments that users are not nervous about 
noises of a disc drive at a singlefold speed, i.e., the number of revolutions lower than 
the tenfold speed (2200 rpm), and large noises are generated at the number of 
revolutions equal to or higher than the tenfold speed, particularly the twentyfold 
speed. It is therefore practical to provide the recess (concave/convex) patterns 22 to 
a disc drive whose disc 20 is rotated at the number of revolutions equal to or higher 
than the tenfold speed, preferably twentyfold speed. 

[0020] 

Further, since noises are generated when the air flow between the ceiling 
plate IB and disc 20 is peeled off, it is more effective if the recess (concave/convex);, 
patterns are applied to a disc drive which is more compact and has a small gap 
between the ceiling plate IB and disc 20. The gap TO between the top surface of 
the recess (concave/convex) pattern 22 and disc 20 is in the range from 0.5 mm to 
1.5 mm, and more preferably in the range from 0.7 mm to 1.2 mm. The longer the 
gap Tm, between the bottom surface of the concave pattern of the recess 
(concave/convex) pattern 22 (corresponding to the bottom surface of the ceiling if 
the recess is a hole formed through the sheet 26) and the surface of the disc 20. the 
better. If the sheet 26 having a thickness of 0.35 mm or thicker (preferably 0.35 
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mm or thicker, and thinner than 1 .5 mm) is attached, sufficient effects can be 
obtained. It is therefore sufficient if the gap Tm is set in the range of (TO + 0.35) 
mm or longer. In the specific example that the sheet 26 having a thickness of 1 .0 to 
1.5 mm is attached, similar sufficient effects are obtained so that it is sufficient if the 
gap Tm is set in the range of (TO + 1 .0 to 1 .5) mm, 
[0021] 

In the above-described structure that recess holes are formed through the 
ceiling plate IB and a label or the like is attached to the upper surface of the ceiling 
plate IB, the depth of the recess (concave/convex) 22 corresponds to the thickness of 
the ceiling plate IB, and TO is the gap between the bottom surface of the ceiling plate 
IB and the surface of the disc 20. In this structure, instead of the thickness of the 
sheet, the thickness of the ceiling plate IB is set in the preferred range of the above- 
described gap Tm. In this manner, the preferred range can be set. 

[0022] 

As described above, it has been confirmed that the recess (concave/convex) 
pattern 2 can reduce noises. The following effects have also been confirmed. If 
the recess (concave/convex) pattern 22 is not formed and the bottom surface of the v 
ceiling plate IB is flat, as the disc 20 rotates, as described already the air flow is 
generated and moves to the external from the outer peripheral area of the disc 20 as 
indicated by the arrow 30 shown in Fig. 3. If the speed of this air flow is high, a 
negative pressure is generated on the outer peripheral area of the disc 20. Therefore, 
the outer peripheral area is sucked toward the ceiling plate 1 B, and if the retention 
force of the disc 20 is weak, the disc 20 may hover, or even if the disc 20 is held 
securely, the disc 20 may warp. If the disc warps or hovers, the consumption power 
of the servo system such as a focus servo system may become large, vibrations 
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during disc rotation may become high or a data read error may occur. However, if 
the recess (concave/convex) pattern 22 is formed as in the above-described 
embodiment, the negative pressure is not generated on the outer peripheral area of 
the disc 20, or in some cases, a positive pressure for chucking the disc may be 
generated. It is therefore possible to prevent disc warpage and hovering. 
[0023] 

Furthermore, if the recess (concave/convex) pattern 22 is not formed and the 
bottom surface of the ceiling plate IB is flat, as the disc 20 rotates, as described 
already the air flow is generated and moves to the external from the outer peripheral 
area of the disc 20 as indicated by the arrow 30 shown in Fig. 3. As the air flow 
moves to the external, another air flow moves in between the ceiling plate IB and 
disc 20. As this air flow enters, there is a danger that dust enters from the external. 
However, since the recess (concave/convex) pattern 22 is formed, the amount of air 
entering from the external is reduced so that the flow of dust is suppressed. The 
possibility of a data read error is therefore lowered and the deterioration of 
components to be caused by the dust can be avoided. 

[0024] 

In the embodiment shown in Fig. 2, crescent concave/convex patterns 22 are 
adopted. As shown in Fig. 4(a), straight track concave/convex patterns 29 may also 
be adopted, and as shown in Fig. 4(b), semi-crescent concave/convex patterns 31 
may also be adopted. In Fig. 4(a). although the track concave/convex patterns 29 
are disposed in a vortex shape in the counterclockwise direction, as shown in Fig. 
4(c), the track concave/convex patterns 29 may be disposed in a vortex shape in the 
clockwise direction. Similarly, in Fig. 2, although the crescent concave/convex 
patterns 22 are disposed in a vortex shape in the counterclockwise direction, as 
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shown in Fig. 4(d), the crescent concave/convex patterns 22 may be disposed in a 
vortex shape in the clockwise direction. 
[0025] 

In Figs. 4(a) to 4(d), reference numeral 50 indicates the rotation direction of 
the disc 20 as viewed from the optical pickup 12 side. As the disc 20 is rotated in 
this direction, an air flow is generated on the ceiling plate IB in the direction 
opposite to the rotation direction of the disc 20. 

[0026] 

The concave/convex pattern may adopt not only the crescent pattern 22 or 
track pattern 29, but also various types of patterns. For example, as shown in Fig. 
5(a), the patterns may be bow-shaped concave/convex patterns 32 extending in a 
radial direction and disposed generally in point symmetry, or as shown in Fig. 5(b), 
only some stripe patterns shown in Fig. 5(a) may be formed on the ceiling plate IB 
and sheet, and the sheet is attached to the ceiling plate 1 B. As shown in Fig. 5(c), 
trapezoidal patterns 33 may be disposed around the center of the ceiling plate IB, or 
as shown in Fig. 5(d), only some trapezoidal patterns 33 may be formed on the 
ceiling plate IB. 

[0027] 

As shown in Fig. 6(a), a number of curved stripe concave/convex patterns 34 
may be disposed concentrically, or as shown in Fig. 6(b), some of a number of stripe 
concave/convex patterns 34 shown in Fig. 6(a) may be disposed on the ceiling plate 
IB. As shown in Fig. 6(c), a number of rectangular or trapezoidal patterns may be 
disposed on the ceiling plate IB, extending straight forward in an oblique direction 
of the ceiling plate IB, or as shown in Fig. 6(d), a number of rectangular or 
trapezoidal patterns may be disposed on the ceiling plate 1 B, extending straight 
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forward in generally parallel to one of the sides of the ceiling plate IB. 
[0028] 

As shown in Fig. 7(a), a number of continuous grooves or convex portions 
may be disposed concentrically on the ceiling plate IB, or as shown in Fig. 7(b). a 
number of rectangular concave/convex patterns may be disposed on the ceiling plate 
1 B in generally parallel to one of the sides of the ceiling plate 1 B. As shown in Fig. 
7(c), a number of circular concave/convex patterns may be disposed on the ceiling 
plate IB, or as shown in Fig. 7(d), concave/convex patterns of various shapes, in the 
example shown in Fig. 7(d), triangle, square, circle and track, may be disposed 
randomly on the ceiling plate IB. As shown in Fig. 8(a), a number of circular 
patterns having different sizes may be disposed randomly on the ceiling plate 1 B, as 
shown in Fig. 8(b), concave or convex patterns, e.g., circular patterns may be 
coupled, as shown in Fig. 8(c), one pattern may extend spirally, or as shown in Fig. 
8(d), a single arbitrary pattern may be disposed on the ceiling plate IB. 

[0029] 

As shown in Fig. 9(a), a number of rectangular concave or convex patterns 
may be disposed radially, and as shown in Fig. 9(b) this pattern may have a 
triangular shape instead of the rectangular shape. 

[0030] 

[Effects of the Invention] 

As described so far, according to the present invention, since concave/convex 
patterns are formed on the inner surface of the ceiling plate, whistling noises to be 
generated during disc rotation can be reduced. The concave/convex patterns 
formed on the inner surface of the ceiling plate can prevent the disc deformation or 
disc hovering to be caused by the air flow generated between the inner surface of the 
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ceiling and the disc during high speed rotation of the disc. 

[BRIEF DESCRIPTION OF THE DRAWINGS] 

Fig. 1 is a perspective view of an optical disc apparatus or disc drive 
according to an embodiment of the invention, schematically showing the state that a 
drawer is pulled out of a housing (cabinet). 

Fig. 2 is a schematic plan view showing the inner surface of a ceiling plate of 
the housing shown in Fig. 1 of the optical disc according to the embodiment of the 
invention. 

Fig. 3 is a schematic cross sectional view showing the relation between an 
optical disc and the ceiling plate in the housing shown in Fig. 1. 

Figs. 4(a) to 4(d) are schematic plan views showing examples of 
modifications of a concave/convex pattern formed on the inner surface of the ceiling 
plate shown in Fig. 2. 

Figs. 5(a) to 5(d) are schematic plan views showing other examples of 
modifications of a concave/convex pattern formed on the inner surface of the ceiling 
plate shown in Fig. 2. 

Figs. 6(a) to 6(d) are schematic plan views showing other examples of 
modifications of a concave/convex pattern formed on the inner surface of the ceiling 
plate shown in Fig. 2. 

Figs. 7(a) to 7(d) are schematic plan views showing other examples of 
modifications of a concave/convex pattern formed on the inner surface of the ceiling 
plate shown in Fig. 2. 

Figs. 8(a) to 8(d) are schematic plan views showing other examples of 
modifications of a concave/convex pattern formed on the inner surface of the ceiling 
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plate shown in Fig. 2. 

Figs. 9(a) and 9(b) are schematic plan views showing other examples of 
modifications of a concave/convex pattern formed on the inner surface of the ceiling 
plate shown in Fig. 2. 

[Description of Reference Symbols] 

I... housing, 2... drawer, IB... ceiling plate, 20... disc, 22... concave/convex 
pattern, 26... sound absorbing sheet. 
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[ABSTRACT] 

[OBJECT] To provide an optical disc drive having the structure that whistling 
sounds to be generated during disc rotation can be reduced. 

[CONSTRUCTION] An optical disc drive has a housing with a ceiling plate I B. 
and the inner.surface of the ceiling plate IB faces the inside of the housing. A sheet 
is attached to the area of an inner surface of the ceiling plate IB, the sheet having a 
concave/convex pattern and a sound absorbing effect. The pattern has a number of 
crescent patterns disposed along a rotation direction opposite to the direction of an 
air flow generated on the surface of a disc. The concave/convex pattern makes the 
peel-off of the air layer from the disc surface occur smoothly so that noises generated 
during the peel-off can be reduced. 
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h 2 6(c#ttwita7L3ft5»)«Six, r cobs 

t, ^^si5i bkci^ (Qfldi) 2 2^aatt'bn-c^a 

£7t, h 2 6ii, 7 s * X? h'7-fy<D 

[0 0 17] -.B^^<7)(M1^2 2(1, we*^ 

[0 0 18] ^P^^CO^^(Ccttl(i\ Z(»m^ (Dfldb) 

(?v<^-> 2 2:i, ^t5gn 1 B<n<p.L>mtdLtc&t-tZ J; ^ 

x -r ^ ^ 2 0^^5tEJfe^T'{£]«{£$n5^^. ^rco^L* 
Ztilzm*7-'<< * '/ 2 0±;c^U6^5rv^^mciI(i. ^ 
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25. 2 sx-^-rx o teftm<r>m%i* m^n. 

2 O^0^^.u(Cfi^i-o^.L*^P75>^#fl 7 mm ail 
mm^± 6 0 mmWf^CI^ (Qfldb) (r>/<9 — > 2 2 (D 

[0 0 19] XKM(CH?li« HLflftK. BfJ o , 1 

0 «iK ( 2 2 0 0 r p m) ^<7)®Ste&T*f2-£n{£ 
— tf«Cto-CWc«6 bO-CJi«< , l OBitti, £f 

>2 2fl 1 0f#i£W±. #* L<tt, 2 0»iSa±W 
(s]$5&T-r >r 2 0 jasaGSftofw -**2§Bcaaif 

[0 0 2 0] ^^gR 18tf^^20 

t 2 0 t<nfS\<nmm&'hZ*<\ j: 9T?Mft:£iX/t 

^ (Dfldb) <T>'<9 — >2 2<7)lf§B<bx -T** 2 0 ^cofcl 
(DfflmT OfcO . 5—1. 5 mmCDtalST'^) 9 x J: 9 # 
* L< «i, -fccOPfllKT 0;$>0. 7—1. 2mm(7)ialt' 
ffl* (Qfl£b) <r>'<9 — > 2 2C0D£!SB(^(7)|g 
m ( h 2 6 (;TL/-)^it «bn 6 1 1 c J; o r i 

5 0 ) drx-f 2 0 CDi&w t (DfflOfflmT mlt . 
»tix«f**l*aft^^s, 0. 3 5mmWl (jifSK 
fi, 0. 35mmtill. 5mm^i) C0^$^'>— h 

(T0f0. 3 5 a±) mm^fflKcSSS iX 
£>9, ~ (7)^1^ Tmli, 1. 0—1, ommCOJI 

so->- h 2 6 tiswLfci •? AJWiWfit, mmiz 
H-»«sa»3fl5»c,nfcct^6 (to+1. o-i. 
5) mm<7)i5ia(-^^:$n(i*a^o 

[0 0 2 1] ft, ±i£L££ 9!C5*;&2fl l B(C9]*+l€r 
tSi^T'.'i, ^ (DQ£b) 2 2CO?££f£, ZCO^fSSfi I B 

L tiffim T m iC ot> T<7W * L t *©S(Cigffl i-nJl'fDBS 
[0 0 2 2] ±i£LfcJ: Oizm* (Mdh) <0'<9->2 

7I<^ (Q£3t£b) — > 2 2 ^d2(t ^-h.-f\ ^ 

0c/)(5]«|£:cf^^^(cid!-<^:J: ^:25til^4c*:r < * 
7 2 O^^Qfli«±7)^-5rW^3B«c(2]3;c^Sl3 0 T'^ 



-It, -co-r ^ x ? 2 0<7)n/S)S*£±T-&/i^£i;-C * 

co^/iHS^c^^^^ i B!Cf£i*>oT B iB!£n, 

2 0(7)t*^7)^^v^^;c;ifV * ? 2 0tf&\**ti 9 . 

x * ^ * 2 0^^FiH(Cf*^$nT^T i>TW * 
\zm*h (Dflc£b) (7)/^-y2 2^a3:itotio^i:,'j:, 

[0023] be;c, a^: (qa^,) 2 2^12^ 

<< 2 0 COSiEJC^l >gJE(Ci£^^ £ 9 [CS^ZW*5^ 
Ctf^ ^ ? 2 0(O^/liaigc±^^^(7>^giS«Cia 3 (C^: 
20 ffl 3 0 -C-jr-TJ: 9 (CwEtB$ix«^, ^ ^^^Lmc^^ttijc 
^i/^g|5^^^tggi5 I Bif'f 2 0 ircoPnKc^^jK 

A$n6/S^ 5 ^»5o «*L^^ 5l b, (Qfldi) <r>'<9 — 
's2 2fr&rthfrZ>Zt\Z£0 . ^^EA$n52 

f » fy^7-y7 , ^y Kic J: 5^— ^ wK^Bt 9 3i 7 — 

[oo2 4] mm2\ZTf;£inmfemx't* % zb ^^coqd 

go £bco^<^ — >-2 2^ffl$nt^-5d\ IU4 (a)-iC^ 

tll^^i h 7 y ?tit<nQQdh<ns<* — > 2 9«ffl^ 
t^a<, i4 (b) (Cini-J: 9 (c^EB^4fc<75Qfli£bco 
/<^-y3lM$ntb|t^ HI4 (a) V 

fi, h 7 y ^t^coDQ[£b^x>;^ — > 2 9 ^>SB#ff ^f&l(Cra 
#t*scEB$n-c^o^. 14 (c) (Ctf^J: 9 h 

co/^ — > 2 2^S»*»f^fSi{C7ft###t(cEB$n-c^ 

40 H4 (d) \zmTJi 9 IC r.B 8Vt<7^{U}£i<F>/<?- 

> 2 2^B#jH-^rrsjicjft##^jcfiB$nr tR^\ 

[0 0 2 5] 14 (a) (d) IZit. (?^5 0 

fi, JCt'y^yri 2 ^J^^b^Ttr-V ^ ^ 2 0(n{53fa 
^rfSl'r^n LTi -r < ^ ^ 2 0 cco^fSTC'tHl^^n 

[0 0 2 6] t/i, JzidiLr-QDdb^N^-Xi. "B^^ 

so (a) td^ni-t 9iC35.#.JtPi:;-ffig$n^^cW^(wiiS 
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< . SfctMi. 0 5 (b) (Ct^-T £ 9 [:0 5 (a) 
[4>— HCffM^iX, CC0->- M^IKSB I BICififT^ 

nrt)l^ a 15 (c) \z?fklrj:o\zti&#;<n'< 

9 — ^3 3fry^WL^ I B<n^^<r>m 9 JwIEHcFiX'C b «fc 
<, §5 (d) JCTftf «t (c) (c^i-H^t^co 

— 3 3 go— m<n&-&^&& i b ;cs*tt sbnr b& 

(0 0 2 7] 0 6 (a) OlZ&&Lfil£> to 

o&<. !D6 (bfC^tJ: 9 ted 6 (a) tC^Lfc£ 

It^nrtAir^ 116 (c) KjM-J: 9iC5^«3B 

— >2^&Sfll Bte&ttoftT t>a< , s£ 
IMS. 06 (d) CTti^Cx^l BO^fn^cT) 

[0 0 2 8] 3EfC, HI 7 (a) K^-fcfc 9 {cfH^R^'.C 20 

stte>ixrt>a< . s^m*, ni7 (b) ictm-j: 

Gadb'^-^a^Sttl BtcS2tt<bJxTt>Ai\ 

1117 (c) {c^i-i 5«cRfl5W0fl£b^^ — >3fts*«35« 

1 B (Ctxft *bK"C o A < s 07 (d) (C^i-J: 3 

0^<7)tf|{c&oT(4H^ff2#, IE;frfi^ R&tf 
h 7 y ?#t<7DQfldV<* — ^^7^^A{C3e« 1 B tC&tt 
bixtia^, H(c, is (a) tc^-T^ 9 (C^f $<7) 

ttoixTb A< . ^/t, (18 (b) tciS-TJ: 1 (z^oQD 

(H«B«tM±ia«B-cii»sn-ctft< . is ( c ) 

<, &^f4, 18 (d) te^i-J: 9 {Cft^CO 1 o<7V<* 
(0 0 2 9] Mtc£fc. (2 9 (a) tc^-f J: 0 tZ&M<n 

(0 0 3 0] 



14, fl^i^oT o * £ - ^^fS^^Sic^itfc 
[0S<Ora§i^f&^] 

[0 l ] Sf* (^-r f*y h) ^<bKo 7-7)^1 ft as* 

Y §fl*>. x-f * ? :/<7)£4tl0"T?&> o a 

(0 2] ZO^(7)- SMBMtcGRSfcf' -f^^SI"C*> 

[031 11 1 IC^L/tE^tCJott-S^x-f 

[0 4] (a) a>*> (d) 14, 0 2 C/TtxfSil^gC 
12 tt o ix o QQ * - > (75 ffi^ ^-t-jSteft^SUl "C 

[IDS] (a) a*q> (d) 14, HI 2(CiF-r^«^F^®(C 
tt it 6 n 6 DO dh'<* - > co ftb <o ^1 /Tt«»tt 

[0 6] (a) (d) (4, 0 2 (OT:-rx&2fif*im(C 

wo, 

[0 7] (a) (d) f4, 0 2{C^-f^gf5^m{C 

12 { t o ix 5 QQ dh '< 9 — v <D m <n®\ % 7n1-m$tf) ¥S 0 T* 

[0 8] (a) frh (d) (4, 0 2 (C^-rXi£SflF*?S'tC 
S2 tt 6 ix o DQt£b/< ^ — ^<r> fiH<75^| ^^-riftB&W^SEIT- 

[0 9 ] (a) SO' (b) (4, 0 2tC^i"5^ffiSBl^miC 

(fiF-§-coi&e/l] 

2 ... Kn 7 — 

1 B---3^IS^ 

2 0 •••■r w ^ 7 

2 2 ••Q£l£b^^ ^ — > 
2 6 h 



(6) 
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